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Abstract of JP2002237365 

PROBLEM TO BE SOLVED: To improve 
reliability for welding a grounding electrode and a 
noble metal chip of a spark plug made by laser 
welding, even when the noble metal chip is made 
thin in order to secure high ignition property. 
-SOLUTION: A cylinder-shaped noble metal chip 
45 : is made to protrude from an opposite surface 
43, located opposite to a center electrode of a 
grounding electrode, to center electrode side 30, 
and welded through a melting part 44 formed by 
the irradiation of laser beam to the opposite 
surface 43 with oblique angle. Here, the cross 
section area of the noble metal chip 45 
perpendicular to the axis is not less than 0.1 
mm2 and not more than 0.6 mm2, and when the 
cross section area of a part of the noble metal 
chip 45, nearest to a melting part 44, 
perpendicular to the axis, is made A, an area 
ratio of the cross section area B, which is the 
area of a non-melting part 46, to the area at one 
end surface of the noble metal chip 45, is 50% or 
less, and a melting angle Salpha , which is an 
angle between an axis of the direction of 
maximum melting depth H at the melting part 44 
and the opposite surface 43, is 60 deg. or less. 
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0, 1-^t>^td!«1iiJ^7"/4 50-Sffiffl &*?A 

5 tMii4 oo^«jffi4 3 t<om) \cm% 

MJf-y?4 5fe<fctf8tf!*«4 O0fti»J®4 3 0 
«tt*«tt£T*LTfc*. 40 

[0049] c©05^#,ilt, ^■•mmm^m^ 

'yyott^E^-rS^St (*fi»jT'(4BSR^Bf®, W 
To WBSWifiafcV^) #0. lrW^lO. 6m 

[0050] s/c, g%tMjf-y^4 smmm> 

fcf-«y:/»rffi») ZhktZ (05 (a) *gg) . $ 

fc, &tt!!fltMl^yy*4 5 0-4SBS (P-PHrffi) fcfc 50 
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^T(4, W&t&A 0 fcf-*y^4 5 i:^ttjASf(Cf 
yy4 5^a#Lfe*»||»4 6^Sft , r« (05 
(b) #,1) o 

[0051] tmmxit, mmm*v 
fA 5<D-mizis^x®mm&® : f-v-7mm<o 
mn (05 (b) *0iR*nft®ffltt) k£j63*?m 
sm 6mwm<Dit*mmmmttftc (= 1 o 
ob/a, m-%) zLitti*. cvmmmm, 

* C ft< 5 0 3 ( C ^ 5 0 %) o 

[0 0 5 2] £/c, jgftiU 4tC&t*Sft*j8t*ft&&! 

$H^oM&^«ff4ooftwamsi (ww 4 

3^^t3ftjI£gI^jga£Lfci:f (05 
(a) #M) , ^IllT'li, cmmm aft 6 0 
" WTT'feS (a ^6 0° ) „ 
[0 0 5 3] ft*igl*i^S£H#ffl0ttfc}glll 
g|54 40^®ttf$fr3$j££F£*S (05 (a) # 
I?,) o *LT, co^Fi:^mii4 0O«g« 
(ffil) 4 3fc0Ere&*i8BMMyfcl:, ££Ftf 
3K$BSiara4 3fcfc*fct*0fcU ££F*<$fci8 
MJBS4 3 «fc0tS%«ffi4 0O^g(5 (05 (a) 

±?j) ictmt%t2*+. mnMAovm (05 
(a) tfo™ mwt%tz*-tLxmt%o 

[0 0 5 4] C0J:dH:^*SnfcjffllMftHyfcl:, *^ 
1MIT(4, -0. 2mmW±0. 3mmWT©IEHK 
(-0. 2mm^y^0. 3mm) C k1?ft& L 

fcv^r, mmm o^oo + iooy)* wtowb 

T'feS (a^3 0+ 1 0 0 y) Cfc«H?SU\ 
[0 0 5 5] $P.(C, ^*MJ^7^4 5©9^?§B$ 
gP4 4tStifiV^fi[fc43lt5*S ($iilii^t§77fS]0 

*«-e«:«aa»isioft 05 (a) m) zvt 

feSCkCH^l. 4D) T»*Ci:^»*U\ 
[0 0 5 6] COcfc^tC, S%«MJf- , y7'4 5 0}g^ 
TO4, ^-yyol^I^t-SffffiWO. lmm 2 W 
±0. 6mm'WTTfe5^®ilJf- > y7'4 5t*^ 
T, WI54 4(D^«, C^5 0%, tS&V, a^6 
0° fcU $?$L<t4, -0. 2mm^y^0. 3m 
m, a^30+100y, H^l. 4 D i: Lfc?4g©$ 

[0 0 5 7] C(DJ:d^i^^fflb7cMt4, ft 

t«*f-y^4 5 timmmA 0 togf^spfcfe^ss. 

[00 5 8] tt^fiffittKMi: LT, x/<-^^7^ 
iys>yfc*aL»$Mi**fTTjfc, it^\M^4, 6m 
®2 0 0 0 c ciy^VTlUtU KK^fftt/^ 

1 XP -y h 6 0 0 0 r p m 1 ^}#<0» 
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[0059] ®smm. meicTTstrnmnmb 
^<y/ 4 5 ^f$Rkais4 4 tmmzmzmn. 

[0060] sftffifcfevvt, 

T^*»#0*S hi, a 2, c 1, c 

S£ (*J»g$) 4bK b2, d 1 , d2T*^L-a> 

[0 0 6 1 ] ^LT, ±fe?-y7-fcRTOJ**{i, 
{ (b 1 + b 2) / (a 1 + a 2) } x l 0 0 (%) , 

mmm^-nmmmt, Kdi+d2)/(ci 
+ c2)} xi oo (%) (cT#*6n*^ cne.2 

[0 0 6 2] H7«\ *iSil»riii«Jt*C&tf}SHIlft|g 20 

0 0 . 3 6 mm (^HflMKfflg?-? TWffiSA THi 
0. 1mm 2 ) T\ g£L (03 (a) #$t) #0. 8 
mmORttWO I r - 1 0 R hfcffifflU (* 
WW) 4 Ot*. fiW#2. 8 mm, WZ t 1 . 6m 
m (W, tttB3#j$) W6N ig£&fcLT0>f>' 

tUc 0 

[0063] mm, mmwmmimczo, 25, 30 

5 0, 7 5%£&*fc&8£fcfctt5i8l«ft£a (° ) 
tmm (%) fc©Wft**LT^S. ft*, 0 7(i, 
nft: 6T?K»*fft\ HfO^Oy hjSti, 6{@©9 
%©lkiJlt^©iifrofck©£^LT^3 0 
[0 0 6 4] H7^&3tc»||WrjSttit¥C*J:c;»llkA 
ft a ff/JvS l^K £9jJt¥tf /h£ < , tt^iiffitt^ < ft 

1 0° *£fcfcftLfc;&\ 6 0° £jg;L.5k, ifflftftfc 

[0 0 6 5] S/c, *Mftftatf/Jv£^g, &£{fiitt 
lc&nT^Z>t>\ etui, SMIftSaaVlvS^i:, f-7 

74 5££<$frt<:fctfT*£, miigP 4 4 4KDI r£ 

cfctfT** 5 mm® 4 4 

U&4 4 ©Wffi^int)S«wS^%ffiiiST*f 5*^67* 

[0 0 6 6] Sfc, H7^5, *«H«ttlCtf5 50 
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o%WTo«^tt» ^©M&i^ftst©©, 
frs 0 una:, *»Bi»4 6owfiiiaB««*t-rr, & 

[0 0 6 7] ft*, @*Lft^tf, *iiilitt$C 
7 7° 4 5 ©ttfifcBrffiW ttfflTtt&MflNti&tt?- 7 7* 

[0 0 6 8] H8K^f«fc, iSffliURiffSf-y 
7»riB« A ©8Sffigitl'\©BS*5iK Ufc. C c T% 
$%*1{1^7 7°4 5i:LT&, g£L = 0. 8mm© 

pjett© i r - 1 o r h *m u mmm 4 0 bik 

= 3 0° , *!§i»ffi»MC = 5 0%, fcfttfcly- 

OkLfe. Sfe, nft: 4T*K»Lfc. 

[0 0 6 9] 08(±, »imi&tt?y7VriiffltA (m 

m2) (%) fcOBMR*jpLT^*. 08fr 

?>, SKBfiBaiA^O. lmm ! K10. 6mm 2 WT© 

^sws-e**^ mmmktfo. 6mm ! m§ 

[0 0 7 0] etui, aRWii*A^t<ft*g, f- 

7 7^4 5 0&glft<*£<ft9, f-7 7*4 5i:^mg|54 
4 0l?ffi'Njtat)5jSUiS^*^t<ftSfc«)-p*So $ 
fc , SittaiS 18 ififtf - 7 7*»f A^0. lmm 2 £9fc 

»€^c «fc 5 L < ft § fc*SHffl WPtt4v\ 
[00 7 1] fct, KMffi£&?-7 7ffi9ifltAtf 
0. lmm'^A^O. 6mm 2 ^§KB^*^lf-7 7' 
4 5^, jgttUlfii4 0©«MiJffi (WlRlffi) 4 3^6 

[0 0 7 2] ft*, WjTHi, l^^CloT^©^ 

%«»^7 7*4 5CD9^?§Sl!g|5 4 4 (Cltjfil« 

^, ^w«g[5ij (^«S3oiM) ©Wffiiotiie^ 

*V^fe, ^kLTWifiXWfffifll^O. lmm 2 W± 
0. 6mm 2 WT©^77*4 5*Sfflt«. 
[0 0 7 3] 0±, 07*J;O : 08tC^t^ft^ilS^ 
HilSWflSHtfO. lmm 2 J-X±0. 6mm 2 WT 

T*&m^mtt<Dmmm®mv74 5^, ««>!rm 
ifi]te*v^TWiftiB4 3*^6^*13 oma^as^ 

fiO, jgilgM 4©TC&C^5 0%, a^6 0° tt 
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[0074] mc&&fflm&fa±.z*k%rzv> 

^^ffiHtttt, ±I2£|5]«Hc, xyj?y» 

tm l nuts mmmc 
coo7 5] $-r> h 9 t^taic, jsaiiffiByog^ io 

4 5fcJ;U'^ttiJ«^ Otffifftt) 4 OfcLm ±120 

5 0%£LtCc 

[0 0 7 6] H9& $il{uSy£-0. 3mm~0. 
4mmfcg;Lfc&lf£tcfcttJ5}8iaftfia (° ) tMU 
¥ (%) fc©6fl#**LT^S. ft*, 0 9ti, n!S: 
6-pKK%m\ 0$©7P'yh£li, 6{@©9^©1 

[0 0 7 7] 09frS>, OTSBytf-O. 2mm^y 20 
^0. 3mm©«SHtPfe*3, fiO, JgBWSfiatf, 
3 0 + 1 0 0 y (° ) ©«SHT?$ntfx iU*$* 2 5 % 

0. 2mmiH'h?^*\ $fc&0. 3 mmj; 9 *>* 
#l^§£«\ $i^ga£(l^ft<, (S(£l0 0%©HJ 

[0 0 7 8] Ctlte, SMHftlytf-0. 2mm£<9& 
'bt^t, J8IKfflS4 4*©I r&&tfcsptfte<ft!K ? 30 
•y 7*4 5 i:^H!g|54 4 fc©*8BS&S&tf 
ftSfcik ^7*4 5 i:iSMaP4 4 fcOJWB^OJKuS* 
ffmktifrbVlbZo »IMftBy^0. 3mm 
J:9t>**V^ ®H!g|5 4 4^©I rS&JtJWfWfcT 
KftD, iSMBM 4 £$J&tti 4 0i:©« 

[0 0 7 9] W±©*S$fr& % r§iMuSy^-0. 2m 
mWiO. 3mmW"l\ $i!8ga£ (3 0+ 1 0 0 
y) 0 WTfcfntf, l(c&£{l$j14{c<gtx, JDJRL 40 

[0 0 8 0] ft&, 0*LftW imtiLWy (DtS&fe 

mmm*vmmmMz%L\,<) \m^t, ±12 
[0081] 01 otewt*te, m*.mmbu 

©»««ttlllf-y^4 5fctT{4, El! (*0iT?ttDfc 50 
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m)tf<l>0. 3 6mm (JgMttfti&tt?? 7*»Tffi*A 
T'(i0. 1mm 2 ) T\ S£Ltf0. 8mm, &tf6& 
0 0 . 88 mm MHf^ ^WriB* A "Ctt 
0. 6mm 2 ) T\ SSLtfO. 8mm©lr-10R 
hfcffiJIU WWMMOfcl/Ttt, ±!207©J§£i: 
W*©fe©*ffifflbfc. *fc* f§H!£lga = 3 0 o , m 
mm y = 0 , *$liM0rSftJ£$ c a C ^ 5 0 % i: L 

[ 0 0 8 2 ] 0 1 0 tt, }8ttffl5«ifi8?- 7 TMt A £ 
0. 1mm (±RMiDT*ttO. 3 6 mm) ,0. 6m 
m 2 (±f2l§DT?li0. 8 8mm) fcg*fc&i§£{C*J 

vm*mmmzu (mm) mm (%) t<m 

«**LT^3. Htt, «D©ffi»k: 

T£*T^ofc. ft 43, 01 0(i, n»: 6T?W»*fT 
l\ 0^©7 p a7h^(i, 6{@©?^©l&3»©ifi 
frofci©£^LT^3 0 

[00831010^ 6, ^^®«A^*^M^1© 
ffiS (0. lmm 2 KlO. 6mm 2 ^T) ©*I£, 1* 
Stti&JWBSHtf, BDOl. 4flSMT(H£l. 4 

d ) T'htui, mm* 2 5 % wtk jwa s c t ^t- 

i: iHW** < ft 0 , ^ff «tttf*«k:fiTt * c 

[0 0 8 4] cn«, J^jStfiiftjSSHjyi. 4 D<£ 

Ot^t^fc, SiMl (««) ©^i^tix.5©-e 
^Hig|54 4 «f© I r^feJt*««fi<ft0, f-y^4 5fc 
jS»»4 4©«l»?l«aig*^{c*t<4«fei6, * 
•y 7^4 5 k»M»4 4©lliii'\©jftS**«*i*t*fr5 
7*5. W±©l8Sfr6, «*»ttiiJW»«H*l. 4 

[oo8 5] *&mffifc*titi> mim* 

<D%ffl¥ 9- 1 0 6 8 8 0 f^ffi©* 5 fc, SW&BSM 
f-y^4 5««iti«tt (ilfffl 4 OtcffSLTSS 
S*5Cfcft^<ft0, ttitiimi 4 0 ©ftiMJE (W 
[ajffi) A3£*v74 5tm£m£tiLZ. mtt 
[pjffi 4 3 fcfcfcOflfifr 6 «f *JK»t * C IC J: 0 

§ /ca6, ±§2E^tc J: *f - y ^©|g® ©sn^ft < ft * 

[0 0 8 6] (^2 HM^ffi) 0 1 1 (±, *5g0^©^ 2 

^»ffi(c^-5X/^~ ^ y ^ yoBap**^ ©t\ s 

m.®m=f-v7§ 5 t^%®S4 o fc©«^«Bi*j:tf 

^©ft^ffi^tttiBHT?**. 01 ltcfe^T, 
(a) SO* (b) (c) Rtf (d) t 

fe©T\ (b) ti (a) ©±M0, (d) tt (c) ©Q 
-Q«fffi0T$5. WT, ±E» l £fflBflB&©fIl£ 
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[oo87]iaii(c), (d) mm. 
m 4 o ©«§« 4 3 & 3 o (omm 3 1 
ii^LTfeo, mmm®4 o<D^fe«ggp4 loffiffi-r* 

fcS$fc«8iB4 7Ktt, '>&< fcfc-WtfttSSftfcttH 
■e U-"<f »»*ff 3 C k <fc o TErt*ftfc»BI» 6 4 
ftLTft&gf-yT* (*«M^ffiic43V>T«Jm{Mf- 
77*^-5) 6 5jB*»£SnW5. 
[0 0 8 8] ^LT, »«Mttl*'y7*6 5(4, 
14 0fc*»t*tf^««3 0 £©#|S]ffi7-£3ft«M] 10 

m 4 3 j; o t 3 o fflij^ta u ^o^w^jsas 

6 6 jWtiWi 3 0 fcttttf + 7 7* 5 0 fcPBTTftft L 
Tl/^o £fc, C©&^ttMJ^7 7°6 5©ttK&, ± 
IBS 1 &»»»©*? 7*3 5,4 5 i:P«<Dt>OfCtS 

[0 0 8 9] ttc, *^»Stcfclt§^ttU«MJ^y 

tt*«*lf-yy6 5ttl r-1 ORh^«t04SRft 

t> , *©flffi 6 5a fCT&JfttS 4 0 ©ftiffl 4 20 

7 (C-g[5JiSLT*3 0 , -a»<±i2£lU$fciififfl56 6 * 

[00 9 0] C©S*ltJ8©J&»'Jj£W\ ^0*37* 
5, $1811 (a), (b) fcjjVtftfc* 1^4 

iB4 7fcHW4 7 a*JB/S"rS. ^UT, e©|H]g|54 7 
artfcttifcWM!lf-y76 5©tJffi6 5 a^ttfrStf 
T, ^77°6 5©-3$£tI&2tffi0^77*6 5©« 
g[5 6 6 4 0 ©ftMIJffi 4 3 «fc 0 1, 

3 oflj^as-frfc^nt-rso 30 
[0091] c©mn?, 0*fljm mtmrnm? 

7*6 5©i®6 5 a(CU- mm'ftoCk&oX, * 
7 7° 6 5 t«U!!ttffi4 0 fctf»ttfc^£»»»6 4*JB 
$T3o ftfc, £$tf^7 7°+MX, ff^f 

fetter, BfiR$£IgBJf#C&$. 
[0 0 9 2] Cdl/C, 01 1 (c) , (d) lc*t® 
JC, »M9S6 4£ftLT^7 7*6 5fc&iffittffi4 0 ktf 

bwrnfrv 735 k <omcmn^ 77*50 
[0093] kczx\ *$&mm£*ftii, mm® 

4 0 ©ftffl 4 7 ic$jfttfffltl?- 7 7* 6 5 ©'>& < 1 1 

fffWl 1 -3 5 4 2 5 l*4MB©J:$a*y7**SSL 
ftv^fcit^TysKf-'y 7* 6 5 tf* <*fttc < < , ^7 

7*6 5*«k Lfc«^Tfca«iic»BwiJ6 tm&tz 

CkmtZo tit. ^77*6 5©gim*^4 0'\©a 
SfCckD, iI&L&V^i££9fc^7 7°6 5©^§lttt 

[0 0 9 4] $e>M, &i$« J iliJ^7 7*6 5£&^T, 50 
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mm® 4 oium&ftfami&ttftmfflm* 3* 
•0 1> 3 0 w\mirzm*mfxis 0 , 
re 4 o©£«4 ncmttzmm Azm#* 
77*5 ofrea^tfenjas^atscfctf-p**. * 

©fcfc, »B»6 4'\©JRtfj«(*«iM"T?*, ilinttllK 

[0 0 9 5] ttoT. :&fflgttfcJ:n& iSS^tt* 
7 7* 6 5£*ffl< LfcJfST-fco 

4 « StefHStt© IrI±*H * C i * *. 
[0 0 9 6] t^JBttteOV^T 
iS^^o 01 2 (a) , (b) li, *fl©Htttt©*«y 
7*6 5lC*ttSftMffi6 4©^©«fc*)^iffl41i^^ 
t0t?*O, (a) , (b) Itttlftl. ±1201 1 
(c) , (d) fcW*SLfc»fS01?a&S. ■ , 5*»fc. 0 
1 2{C*3V>T, (b) « (a) ©R - Rfrffi0T-&3 o 
[0 0 9 7] C©01 2£#j!gLT, SUfi*ffi«lf-y^ 

$ 1 smaiM^ 7 7° (ft^if - 7 7°) e 5 © 3 m 

4 7 i:iS^t5^|6l©ii (jESffl) *DltLfcfct, 
f-y 7° 6 5 ©&iMfii'N©iIiS:l t 1 ^ilJEfflD 1 © 

0. 5Bttlt'6S(tU0. 5D1) lWIL 
l\ 

[0 0 9 8] »HMttillf-y^6 5©iii;iS^t 
5^mWJ^77*6 5©ifSaA' 3^0. lmm'tl 
±0. 6mmUTX*&5L.ktfmU\ 4fc\ C© 
ffSI«A* (c^§frffi(i, ^J-pttBSpqjBKfffi (01 2 

(b) *©fifc«P3*#j8D T'Sv, WT, #fcf-7 7*Wf 

[o o 9 9] ^g(56 4 ©i^i (®mm) 

i:U ^ttUmMiJ^77° (»^1^77°) 6 5©5l3r§ 

mm 4icmt>)&^Bmcmz>mm®4 o©^« 

4 7 £¥fT&7jfi©ti (¥ff«) 2 k U r§S4g|56 
4{C*5tt5a^^ii^$^Hi:bfc^t, a^stt 
H ttHSffi D l © 2 ia^TTfe o , 

NtiWiD2©2. 5fgKK*$§ili: (H^2D 

1, N^2. 5D2) *W*U\ 

[0 10 0] cn5#$U^ffiM$*8JB*3«ft 
tt, ±1201 2}c^1-^^tco^Tlit^! ; t ; g:t7o 

rc&mc%-3<$><Dx&5a *©iftwias©-ffi 

[0101] S-f, $tMMJf-77°6 5©SSlt l 
kl^1f^»©«^!lUtfc©l!llfflco^T«MWLfc. 
MMiJ^7 7*6 5 t LTti, SIS (±E«D 1 , D 
2) tf$0. 3 6mm (f-7 7 P Kffffi«A* T'ttO. lm 
m 2 ) X\ S^L^O. 8mm©RSt*c©I r-1 OR 
h*ffifflU ftJ&ttt 4 0ti, «W*«2. 

8mm, JPStAM. 6mm0^y3^V (SSjgi^O 
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*§N = 2. 5U2tLfio ' ' 

[0102] msq&mts mu^m^&tb 

X. 01 2 (a) ifiOfcaiYfc^Tflto:, jgttntffiOIJ? 
fCSbSg^MtLTjfJJtUco ?©$3HI£01 3fC 
[0 1 0 3] Ell 31^ !&lt 1 (mm) tU—<f® 

BSffflD 1 ©te»T?*U S^aStiSSl t 1 &0. 

5 D 1 OttOfi* 1 fcMttfkLfeft^aoSJti: LTg 10 
LTfeSo n»tt6^*0, 0*©7a-yh£ 

«\ n-6©$S*fc»£^©i8frofcfc©*jj*l/C 

[0 1 0 4] 01 3fr£>, »«««|||f-'y^6 5©«& 
it ltfo. 5 D 1 W±-P*tltf, SHflWl/'WfcT' 

K^s^s*«fitt?*s*ft ast 1 1 # o. 5 d i 
§c una, ssit itfvivs^fcf-y:/6 5*^*tt 

[0 10 5] xy^yB^cfe^rt, ^y?6 

[0106] w±<Dfaita^ *^iiMitc*5^T, t 

1 £ 0 . 5 D 1 ©Rl&fcSffltnfc?, S%t«iJ^y 7° 

6 5 twmmA o tosi^i*** i/^i/tsjifb? 

[0 10 7] Hfc«Mfe> SteflattfclRLhStfSfc© 

yyymMm&ftiit* *-mmm\mmt, m\ 

4 iCjfktmc, *v?65 £®m$V6 4 fcOffrEfcfett 
Stt^S? e , iJMIfi? f fcffl^T, ( f / e ) x 1 0 

o (%) -cvTvt. ^lt, mmm&zr'yfmz 
[o i o 8] $ i\ 0 1 5K^-rat, 9v?wmm 

A' ©&S(i8H3:'\©K»&fiSgL/i:. CUT?, 
Mlf-y^ 5£:Lm M£L = 0. 8mm©Ra$ 
<01r-l ORhfcfigfflU mMA0\t, ±1201 
3©J§£i:Pl$©fc©fctefflLfco Sfc, f->y7*6 5© 
«»tt 1=0. 5D1* H= 2D 
1, »1MIN = 2. 5D2tLfc 0 Sfc, n»{i4"PK 
HLfc. 

CO 1 0 9] 01 5tt, f-yTWjBSA' (mm 2 ) t 
KMW (%) fc©Klft£*LT^5. Hll 5^6, ?y 50 
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tfflmk' #0. Imm'fcLbO. 6mm 2 WTOii^ 

«**Ci:tfT**Sjft 0. 6mm 2 £iS;l3i:i» 
Ic tf 6 o S tf£ *Slc &£{f iitttffgT L T ^ « C 

[0 1 10] cftfi, ±12851 £«6?fcfigfclRl8Hc, 
7frffi*A' &&*«Jf-y76 5© 

&^ltf*t<&0, *v:/6 5fc}8BtgP6 4©Wiii'N 
*0*>*l!US*««**<4*fti6'T?**. $fc> ^yTW 
MA' #0. lmm 2 «fc0t/h?^i:^fflWT*tt4^ 
Sit, % 1 ^BW0B*i:ra«-e**o 

[oiii] w±0tt*fr&, *iwww, f- 

-y^KS^A' £0. lmm 2 W±0. 6mm 2 WT£t 

1 U^igfc tt&t § X/ <- * 7*7 ^llt S C £ # 
T'f So 

[o 1 1 2] ttc, m%\-mmtm, *vffi 

®»A' #0. lmm 2 W±0. 6 mm UTt^oTcffl 

^xi>mm®tbx<Dmmm%ctffx$%o 
[oi 13] *ic, 0i et^tauc, &xmmm 
ZHRmmmn ukxmmm) msm^m 
mmm ik, c c r% Mify 1 6 5 1 lt 

(i. (±l2tIDK D2) ^0 0. 8 8mm (^>y 
yffffilA' T'ttO. 6mm 2 ) T% SSL^O. 8m 
m©RS«©I r-1 ORhfcffifflU ^%«^4 0 

SOSSSt 1 = 1. ODlfcLfe. 
CO 1 1 4] HI 6fi, *^}Sttii*jSI5H*0. 5D 
1-2. 5D 1 $T*it£tSD 1 (DO. 5fefO%Z.X^ 

mm) tmmtmm^bx^o m \ 6 

it, n&: 6T*im%fT\i\ 04>©7o>yh^4, n = 
6 05^1&ffJ^©iifrofcfc©£*LT^3o 
[0 1 1 5] 01 6^5), **IStta*jaiSHtf2. 0 
D 1 UT©*£I4, DJ*** 2 5 %WTKWA* C 

TStfiJT'tS^, «*»ttii»iS!«H^2. ODlck^ 

[0 1 16] «*}gttj&W8l£Htf2. 0D 1 

WT©«**#« 4:, MN^ 2 . 5 D 2 WT©ttH 
T'ti, 9fJHI$% 2 5 %WTKMIASC fc^Tf* » xys; 

««2 5%*iHATL*i\ S^ffll«tt*i«£1-*J:fc«' 

[0 1 1 7] Cinti> ft^Siti&»fl!$HKtf«MriBN 
«CWt?5i:, »*tt 6 4 (*0>JT*(i 
I r^) Jt**^<ftD, f-y^6 5fc»«»6 4i: 
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[0 1 18] W±©*3&*^ *%mi&K.1S^T. H 
^ 2 D K N ^ 2 . 5D2 fcffttf, 

[0 119] (ftH©H»il) *fti&©tt©fti«ttfc 
LT> WTfca^ogfl&W***. Hi 7-02 it, 
±!22t 1 ^«lt^5^%«MJ^-y^co^^lS 
tf*©tt£#&©£JBWfc**. 01 7-02 1 10 
fcfcl^T, (a) , (b) , (c) , (d) ti, 
n, ±1203(0 (a) , (b) , (c) , (d) tffiV 

MjS^6j&fc»««*r0-ea&*. 

[0 1 2 0] 0 1 7 (Si ©SJBW) fc^tflMC* u- 

if ©jawftstti&i' l t ^n^nsaw^iRitcfc^T-a 

LT^4<TtfiK 01 8 (.®2(Dmm) KLtf&» 
t, »*«S4 0Oit«iliB4 7O*lfllfr6Tfetlfcf, U 

[o 1 2 1] 01 9 (S3©««w) t^raic, sua 

IS 4 0©5t«g|5{|iJffi (WW 4 3fc|«fl|$*|W\ * 20 
«W7/4 5*tti&i&A,J£tk U-fjg&LTt 

020 (%4<omm) k*tmic. m<om 
warn «j 7 4 5tf«tt8« (0/T<wefi'j^y 

[0 12 2] g-fc, Sl£ffiJim:fctfS8tt©Sifi* 

^1;T«^MpJ^T-^§ 0 0(1*. ff, 02 1 (£5©£ 
ff^O fctt, ftS^7^4 5 ©*£***. 30 
[0 1 2 3] ttt, ±E»2*SBB»fc*^T, 

5MS2tfSfc&fc&ttM4 0©^4S 
S4 7fcJB#Sft*IHI»4 7 ati, &Jfefgg4 0©5fe«g 
gMRI3&4 3fr5£&#lR]©£flfliJ©iffi^llt3<fc9 

t, ^5t«4 7izB^nrcmx^tcti\ c<ow 

gP 4 7 aOJBttfcl/Ctt, 02 2£*?«fc9&fe©-e& 
[0 1 2 4] 02 2(CfeV>T, (bK (c) % (d) 

atf (e) tisamgi5^«fcoi/^T»%ss4o©5ta 

g|54 l*W#*|fi]fr6aUfe^0» (b) « (a) CO 40 
±£0?i&3o 02 2 (a) TkXS (b) Kwtttfc, [HI 
U 4 7 a tt, &i&ttffi 4 0 ©ftiMJffi 4 3 & J»*fi 
ft©£#{HiJ©{|iJffii; T JtUff M"?lt$ -3 T^T fe 
<fcl/\, *fc, *©H»4 7a£*#**»©BfiEJB« 
fe» (c) , (d) , (e) fc^tttt, e^^t, 

mm snmt, zftrnm, mzmmmmx 
02 3-02 5 \u ±&%2%mmcmm 

to fcfc, 02 3, 02 4fc*^T, (a), (b) , 
(cK (d) tt» *ft€tU ±8E01 1© (aK 50 
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aK uk (d) mm&frttmm7f<$ 

0?fc5, 02 5ff© (a) - (d) li> ±120 

1 1© uk (c) mm&frt>mcmz*tm 

[0125] ®mmz?v7?jx, MmcfoCTM 
mmm-v&Zo 023^^ (m\<omm) x 
a, mm.t^^<om^ix^ 0 ^zAtcm 

5£&Wffi (®ffl 4 0©WS£L-O>3 0 C©i§ 

wiNti (d) 
[0 1 2 6] 02 5 (»3©k«w) t^-r» 

mm® 4 0©«ffi4 3©C3«5 4 7 a£r-/<# 
tbTtfi^. 0 2 5t*5^T (a) tiU—^'BSJ^ 
(b) tt (a) ©$£'& (c) fcfcU— •ffiSSt'K 
(d) tt (c) ©^ft^tt©T\ (a) Rt>* 
(b) (c) fttf (d) fc-ett, T-/<©tSt#fitf 

[0 12 7] WT, IK S2^1Mli:t,t^> 81 
^WM / \©«US^J*fiiSt5©k:au/*c»«j«ffi4 0© 

[0 1 2 8] 02 6fc^fttt, &Jti®$4 0©«g|5 
4 l*f-/^tti:Lfet) ( (a) m (b) , (e) 
m (f) ) , flJBttfcLftO ( (c) Rt>* (d) % 

(g) &tf (h) ) tzz.tvm<tm, mmm 

[0 12 9] |2 7^t«(C $Mi4 0© 

rtept^tf (WAtfN <fc o t,i»e»tttc«n 

(f-yy«^») 4 l©iafi*ig«tsci:^t, Id 
SfcLT«^^1B^©J»lS**fi«-e**Cfc^6W$ 

[0 1 3 0] CCX\ 02 7fc*^T* (a) T'tis C 

u^io*s n©rtiaiJtf7 own^tiTfco, 

(b) t'ti, C u + N i ^7 7 K (C ui:N i ©HI 

I*) §*04S2i©rtiaiJtt7 0*«iRiftsnr^*. 

[0 13 1] 02 8tC^r«tx ^%*14 0^ 
[0BS©f8*ftlttW] 

[0 l ] *^©35 1 ^»HtfI§7,^-^^7^© 
[0 2] 0H;:^-rx^-^^ytcfctt5)K«4 i >>y 

^ifi^©*a;^B!«^r«BWfffi0-efeSo 

[03] mm i ^ss^t*it5^«jiigA©it^i 

[0 4 ] ±i2i i mmicmzmmm^mm 

[05] ±12^ i mmicmzmmmmmm 
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So 

[07] *^WMi:b^C^X.fcii^Ct5tt§?§il! 

[08] »Rk««]fifi^>y^RriiillA2:|iJK*j:OB(lft 

[09] mGLWy*mrcWi£\cm%mmat 

[01 0] 8ll»«2»f-y^WifiSIA*8*fe*^fc: 10 

[0ii] *m<o%2m&m%z>M-97 ; 7y 

[012] ±IB^2^)iff^Cfc^§^Mff^<DP|ffl 
[01 3] H&flt 1 £&£$®£©l»{&£*t-0?'& 
[014] ±E$2£ffi£gk:&t*ft3«|Jt¥©K$BT 20 

[015] *v?mm' tmttmffltmm 

[01 6] wtm&&mm%\tzWi%\cm%® 
m^Ntmmtmm^tmx-h^o 
[017] ±ig^ i $mmic%z&£MmLXf*<D& 

[018] mftimmmmsmmxtzom 

[019] ±fBS 1 *«»»te«*tt*«»&tf*©«*30 
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££&©£? 3 C«0IJ£*-f 0T*&£o 

[02 0] ±IB^ 1 gfflgffilcftS8£tt£&tf?©ft 
££7£©!g 4 0«««|*^tBIT**. 

[02 1] ±K8 1 ^JI^ttfcff«»frij6Rtf*0» 

[02 2] ±E» 2 &M^ffi£*^T&Jt!i«&©3ffl& 

[0 2 3] ±fleg2*^8fcft«^ll&tf*©ift 
[02 4] ±l38i2£ffif&a8fcft5»S«Efttf*©» 
[02 5] ±£3i2£ffiJBt8fcfta8£fcji;fttf*©8 

&£t£©^ 3 <ommm mx& 

[02 6] S!lt!l*fii©$fe4S»%«l<tSfc4i>©ffl4?©g 
[02 7] &Jfc*ffi©rt&fcj»fc»ttfcftnfcrt/lglW 

[028] mnmmtmLtcmKtmm 
mx&Zo 

lO-ttfcteA, 3 0-*iMWu 3 1-^L«©5t 
W3k 4 0-gMfe 4 3-gHttmffi©5t4SSP©«liB 
(MM'JffiK 4 4, 6 4-ffiH& 4 5, 6 5 -» 

mmmn-m^jf wmmmv-T) ,45a 
• • -mmm ? 7©m 45b- • -tetmrn* v f 
<Dmmmmmm<Dmmmtmtmk 4 6-* 
m&s 4 7"-mmommm (mm . 4 

"y7©£tH$fe» 



[02] 



[03] 
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(c) 




(b) 



(d) 
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[06] 



(14) 



WBB2 00 2-2 3 7 3 6 




[09] 



mi o] 



A = 0.1 * C = 60 

-9 9 9 9- 



9 y=-aa 




100 
90 
80 

XI 60 

* 50 
% 40 
~ 30 
20 
10 
0 



C^50 % (1 = 30, y = 0 















1 1 

• D=036 

(A=ai) 

X D=QLB8 
(A=d6) 
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Q2D 04D QBD 080 1J0D 12D 140 1j6D 
Kt^T&mZ H (mm) 
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^2 0 0 2-2 3 7 3 6 5 




[01 5] 



[01 6] 



t=06D1 . H=2D1 . N=25D2 



t=1X>D1 , D1=D2=QB8(A=Oj6) 
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w-~^-r6r-0--*r_ _0 V 


rs i \ 8 ? • 


III! 


D 02 04 Q6 08 
*v7mvm A* (mm*) 



H=2.5Di 




H=iQDi 
H = tt5Di 
H=1.5Di 
H=I.DDi 



0 OfiDz iJODz 15Dz 20Dz 25Ds» 3DDe 
S*3**B N (mm) 



^2 0 0 2-2 3 7 3 6 5 





LZ 

(b) (d) (b) (d) 
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(18) 



^120 02-2 3 7 365 




(b) 



(19) 



ttN2 0 0 2-2 3 7 3 6 5 
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